INTRODUCTION
Copper wire is the most widely used conduction material to carry a variety of signals. Its applications include a large power transportation in power systems, or small signal communication in electronic devices or produces. The copper wire size can be as small as 0.01 mm, particularly in medical health equipments. Presently, many kinds of automatic wire drawing machines are being applied in industry. However, the copper wire needs heating, being drawn and then going through and drawing die mold by human hands when the automatic wire elongation process starts.
Currently, various functionalities required in industry have made the automation system extremely varied. For this reason, the modern automation systems are moving toward very high complexity, depending on the system structure [1] [2] [3] [4] [5] [6] . Unfortunately, it is found that the copper wire elongation system for threading through the die mold is not completely automated so far in industry. Recently, an automatic copper wire elongation system was reported in the literature [7, 8] . The proposed technique was based on three pneumatic grippers combined with the ring drawing machine for elongation process. However, it was only suitable for a soft copper wire rather than a hard material. Accordingly, it still has a difficulty for further applications [9] [10] [11] [12] .
SYSTEM STRUCTURE

Fundamental Concept
The torque required to pull the copper wire is designed based on the relation between the torque and gear ratio, shown in Figure 1 [7, 8] .
In Figure 1 (a), the torque is defined as [Equation (1)]
where T: torque, F: force, d: distance from the force to the axle center.
In Figure 1 
(b), the Gear ratio is [Equation (2)]
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Torque ratio is [Equation (3)] 
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Copper wire can be elongated to a very thin size like 0.01 mm from an original 0.6 mm via wire drawing dies. Although automatic machines are available for wire elongating process, the wire threading through dies still requires a human operation before entering an automation process. This procedure may repeat up to tens of times to complete, taking a long time. To resolve this problem, this paper develops an adjustable automatic wire copper wire drawing system for elongation using contactless heater. Three pneumatic claws are designed in the proposed system. The first claw is used to clamp the wire. The second claw fixed in the rotating mechanism is to draw the heated wire. The third claw is used to move the wire going through the drawing die after the drawn wire is cut off in one side. Then, the wire will be drawn again through the die mold. The force amount for drawing the wire can be adjusted via the gear connection controlled by the serer motor. Therefore, the system can be suited for variety of copper wire sizes. The experimental results prove that the proposed system has achieved the automatic copper wire elongation process successfully. Also, the human loading can be reduced considerably, and more importantly the operation time can be decreased significantly.
Design of System Hardware
The proposed system shown in Figure 2 
THE SYSTEM OPERATION PROCEDURES
The proposed system is carried out by the following steps:
Step 1: The wire is pulled close to Gripper 4 through the contactless heater, as shown in Figure 4 . Step 2: The wire is clamped by Grippers 1, 2 and 4 simultaneously, as shown in Figure 5 . The heater starts to work until the preset temperature is reached.
Step 3: The heating process stops, and then the lengthening process begins to work until the desired length is reached, as shown in Figure 6 .
Step 4: The grippers 1 and 2 are opened, as shown in Figure 7 . Step 5: The pulled slender wire is delivered to below the pneumatic shear by the ring drawing machine, as shown in Figure 8 .
Step 6: The wire is clamped by Grippers 2 and 3, and then it is cut out by the pneumatic shear, as shown in Figure 9 .
Step 7: The die mold moves down to the holder for wire threading process, as shown in Figure 10 . Step 8: The Gripper 1 is opened, and then the Gripper 3 clamps the wire to thread through the die mold, as shown in Figure 11 .
Step 9: The Gripper 3 is opened, and then the Gripper 4 clamps the wire to move forward using the ring drawing machine, as shown in Figure 12 .
Step 10: The wire is pulled forward until reaching the desired length, as shown in Figure 13 . that only the heating time between 12 s and 14 s can achieve the desired length (≥30 mm) for elongation purpose. It reveals that higher pulling speed may reduce the pulled length considerably.
CONCLUSION
This paper has successfully designed a copper wire lengthening automatic system using contactless heater, which can replace a human operation and increase the machine working efficacy. Additionally, the proposed system can be combined with the existing machines directly without changing the mechanism of machines. Some more achievements can be reached:
(a) It is suitable for various copper wire sizes and materials.
(b) Wire elongation length can be adjusted using PLC programming.
(c) Human-interface machine can provide a friendly monitoring and control functions for users.
(d) Wire drawing speed is adjustable.
(e) Contactless heater can soft the copper wire for lengthening and elongation appropriately.
Moreover, the experimental results imply that the wire elongation is sensitive to the heated temperature and pulling speed. The wire pulling speed may be chosen as fast as possible. In contrast, a higher speed may risk a wire breaking during the elongation process.
EXPERIMENTAL RESULTS
The experiments were carried out under the room temperature at 24°C before heating. When the heating starts from 0 s to 20 s, the copper wire heated temperature rises from 24°C to 497°C almost linearly over the heating time, as shown in Figure 14 .
The pulled length over the heating period between 12 s and 18 s under the wire pulling speed: k1 (1.86 m/s) is shown in Figure 15 . Note that the heating time below 12 s is found insufficient to soften the copper wire so that it fails to pull the wire. On the other hand, the heating time beyond 18 s, the copper wire heated temperature is higher than 478°C. This causes the copper wire carbonization, and it is thus unsuitable for elongation. Moreover, it is noted that the wire slender length required for threading through the die mold must be longer than 30 mm in this system. For this reason, the experimental results reveal that the heating period between 14 s at 365°C and 18 s at 452°C can be satisfactory.
The experimental results using the wire pulling speed: k2 (3.78 mm/s) under the same condition as above is shown in Figure 16 . It is found
